It has long been recognized that usual elasticity and flexibility concepts are of limited value in a multi-equation setting. This is because the response caused by a change in an exogenous variable will have feedback effects as the system obtains a new equilibrium. Consequently, it is necessary to examine total response measures in a system framework. In spite of this recognition there has been no known attempt to examine the structural implications of an econometric model by using total elasticities and flexibilities. This paper extends the results from Cavas, Hassan, and Johnson (1981) to obtain total elasticity and flexibility measures in a general dynamic model, using a quarterly model of the U.S. pork sector. The results indicate that supply elasticities are generally smaller than those reported previously.
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Introduction
Over the years there has been considerable discussion about the appropriate interpretation of price and quantity relationships in simultaneous systems of supply and demand equations. This discourse has focused on two related issues. The first is the relationship between flexibilities and elasticities in a multicommodity context (Meinken, Rojko, and King 1956; Foote 1958; Harlow 1962; Waugh 1965; Hauck 1965) , and the second is the appropriate derivation and interpretation of elasticities between endogenous variables in a simultaneous system (Meinken, Rojko, and King 1956; Buse 1958; Colman and Miah 1973; Chavas, Hassan, and Johnson 1981) . As a result of this discussion, it is now widely accepted that partial elasticities and flexibilities, as typically derived for single equations, are not valid measures of net effects in a simultaneous setting. Instead, it is necessary to evaluate what are referred to as "total" elasticities and flexibilities if appropriate inferences are to be made (Buse 1958) . 1
Until recently, methods for deriving total elasticities in a dynamic, simultaneous equations framework were not available. Although economists have continued to evaluate structural econometric models by deriving reduced forms and by examining the resulting mean paths of endogenous variables (Freebairn and Rausser 1975; Arzac and Wilkinson 1979) , there has been no known attempt to obtain the total response relationships implied by an estimated linear econometric model. However, Chavas, Hassan, and Johnson (1981) have illustrated that partial reduced forms obtained for simultaneous dynamic systems can be used to derive analytical expressions for total price and quantity effects.
This paper illustrates the potential for deriving total price and quantity effects for a dynamic simultaneous system of supply and demand equations. The paper builds upon the methodological framework for deriving total price and quantity relationships considered by Chavas,
Hassan, and Johnson. In particular, it shows how their analytical results can be extended, using numerical simulations, beyond their restrictive two-variable lag model. The result is that total elasticities and flexibilities can be obtained even when the lag structure on endogenous variables is not arbitrarily constrained. The application is with a quarterly model of the U.S. pork sector similar in design to the models reported by Harlow (1962) , Arzac and Wilkinson (1979) , and others. The hog sector seems especially suited for examining the implications of total price and quantity effects, in that production occurs sequentially and well-defined biological time lags govern supply response.
First, the concepts of partial and total price and quantity effects are reviewed using a standard market model. These results then are extended to a dynamic linear system. The third section reports the estimates of a structural model of the U.S. pork sector. In the fourth section, the results from previous sections are used to derive dynamic elasticities for selected exogenous variables, and total response elasticities and flexibilities for key endogenous variables.
Partial and Total Effects in a Simultaneous System
General Results
A standard market model consists of equations explaining the demand for and supply of a particular good or product. If equilibrium is assumed, then quantity transacted and price are determined simultaneously. Using Chavas, Hassan, and Johnson's notation, a hypothetical market model can be expressed as
where Yls is quantity supplied, Yld is quantity demanded, Y 2 is price, and ~ is a k-dimensional vector of exogenous variables conditioning supply and demand. The relationships between quantities and price are frequently summarized using the elasticity concept. That is, e: s where "s and e:d denote the elasticities of supply and demand, respectively. 
Using partial elasticities to convey essential information pertaining to parameter values in a simultaneous system is not appropriate, since the secondary feedback effects represented by the summation terms in (8) and (9) are excluded (Buse 1958; Chavas, Hassan, and Johnson 1981) .
Total Response in a Static System
The purpose of this exercise is to derive expressions for the The system then can be partitioned as
where the t subscript has been dropped for notational convenience and the dimensions of the partitions for the ~ and r matrices are implied by the partition of !· Using (11) Making these substitutions in the first equation, and collecting and rearranging terms, yields the reduced form Furthermore, the total effects identified in (14) and (15) are not, in general, equal to the partial effects corresponding to (4) and (5).
To see this, observe that the multiplier in (14) will equal -~2 Consider the case where the system in (10) contains lagged values of endogenous variables. For purposes of illustration only, first-order lags are included, although the extension to higher-order lags is straightforward. The dynamic representation of the structural model is
where ~ is a GxG parameter matrix corresponding to the first-order lags on endogenous variables. The dynamic system in (16) As before, the reduced form for the second subsystem can be obtained from (17) Although this procedure does not result in analytical expressions for total flexibilities and elasticities, it does provide a convenient way of measuring the total effects in a general dynamic model since all 3 potential dynamic adjustments are accounted for.
Model Structure and Specification
Here a structural model of the U.S. pork sector is used, in conjunction with the concepts discussed in the previous section, to derive total price and quantity relationships. The pork industry is a likely candidate for investigating dynamic adjustments using a total response framework since well-defined biological lags exist that effectively limit short-term supply response. The pork sector has also been associated with a fairly predictable cyclical component (Shonkwiler and Spreen 1986) . A quarterly time frame is used, since many of the sequential production activities occur naturally within this time 
The model is closed with an identity that derives total domestic disappearance (Equation 28). Included in the identity is the variable OTHER, which incorporates net imports, net cold storage stocks, military
use, and shipments. These variables were treated as exogenous in this study.
Partial and Total Elasticities and Flexibilities
The dynamic behavior of the quarterly hog model can be examined 
Dynamic Response with Respect to Exogenous Variables
The reduced-form equations for the pork model are dynamic and represent a system of higher-order stochastic difference equations. The dynamic features can be attributed to the biological lags imposed on certain endogenous variables in the supply equations and the autoregressive error structure. Mean-path multipliers and elasticities are typically derived for a system of first-order stochastic difference equations. Consequently, the model must be transformed from a system of higher-order difference equations into the first-order difference equation system. A complete discussion of the methods involved for reparameterizing the model into a first-order system can be found in Chow (1975, pp. 152-54 Intermediate-run elasticities for selected endogenous variables with respect to feed cost, the retail price of beef, and the retail price of chicken are reported in Table 2 . The results indicate that changes in feed cost have small impacts on production initially, but the response increases in magnitude over time. In addition, as illustrated in Figure 1 , the initial impact on total pork production is positive, since the only adjustment that can occur initially is in sow slaughter.
It takes several periods before production actually declines and prices rise. These results are intuitively appealing, given the biological lags involved in adjusting production.
The impacts of demand shifters, such as beef and chicken prices, on production levels and prices gave similar results (Table 2 ). For instance, increasing the beef price has no initial impact on total pork production ( Figure 1 ). But after one period, production declines as prices rise and, thus, sow slaughter decreases. This pattern continues for several periods until increased farrowing levels filter through the market, resulting in higher production. The biggest impact on farm pork price comes after approximately a four-to five-period delay (Figure 2 ).
The impacts on retail price are similar. Again, these results conform with known biological relationships that constrain short-term production adjustments. The increased farm price results in higher production levels after approximately two periods. After a four-or five-period delay, production has increased sufficiently to dampen the effects of increased beef or chicken prices. The intermediate price flexibilities
then decline monotonically and approach a new steady state level.
Dynamic Response with Respect to Endogenous Variables
Insights into the relationships between endogenous variables can be obtained by examining total price and quantity effects. Since the estimated pork model includes a general lag structure on the endogenous variables, the methods described earlier were used to obtain numerical estimates of total elasticities and flexibilities.'
Total elasticities with respect to the farm price of hogs and total flexibilities for the farm price with respect to the remaining endogenous variables are reported in Table 3 . In general, total production response is small, as indicated by the elasticities for farrowings, pig crop, sow slaughter, barrow and gilt slaughter, and pork supply. The production elasticities do, however, increase in magnicude over time (Figure 3) . Also, price responsiveness declines at successive stages of the production process. This result also conforms with prior notions about the relative inability to adjust output at later stages of the production process.
The approximate long-run elasticity for pork production is 0.232.
By comparison, Meilke, Zwart, and Martin (1974) Although the long-run production response obtained here is smaller than those reported previously, it should be emphasized that the earlier estimates were obtained using standard partial elasticity concepts.
The flexibilities reported in Table 3 also confirm that total elasticities are not the inverse of total flexibilities. As expected, price impacts increase at each stage of production, with commercial pork production having the largest impact on farm price in the long run (-1.00). The farm price flexibility with respect to sow slaughter is small and, at any point in time, is approximately one-tenth the size of the corresponding barrow and gilt slaughter flexibility. This result is entirely plausible, since sow slaughter historically has accounted for about 10 percent of total pork production.
The relationships between farm price and retail price are also of interest ( Figure 4 ). The retail price flexibility with respect to the farm price indicated that, initially, an increase in the farm price results in a higher retail price. The intuition is that sow slaughter levels are reduced at the same time farrowing levels are increasing.
After several periods, the higher price levels result in increased barrow and gilt slaughter. The result is that the long-run retail price flexibility is negative (-0.17), but small. Conversely, farm price flexibilities with respect to retail price are positive and are all greater than one (Table 3 ). An exogenous increase in the retail price results in oscillatory behavior in farm prices (Figure 4) . The time between peaks varies between eight and twelve quarters, which corresponds roughly with the emerging three-year hog cycle reported by Shonkwiler and Spreen (1986) . The largest impact comes after eight quarters, when the farm price flexibility reaches 1.72. Although the oscillations continue, they dampen out after approximately 30 quarters and approach an approximate long-run level of 1.67.
Summary
Partial elasticities and flexibilities provide incomplete information in a simultaneous system of supply and demand equations. This is because partial elasticities are not evaluated in a general equilibrium context where all other endogenous variables are allowed to adjust freely. Total elasticities and flexibilities offer a more appropriate means of characterizing static and dynamic relationships among endogenous variables in a systems framework. The conceptual framework for measuring total price and quantity effects has been available for some time (Buse 1958) . However, analytical procedures for deriving total response relationships in dynamic settings were not available until recently (Chavas, Hassan, and Johnson 1981) , Even so, these methods have not been adopted in evaluating model results.
This paper has examined how measures of total response can be incorporated in a simultaneous model with a general lag structure and autoregressive errors. This represents an important extension of previous research, since total response elasticities and flexibilities have not been derived previously in this context. The empirical application was with a quarterly model of the U.S. pork sector. The results suggest that total supply elasticities are generally smaller than those reported elsewhere, which were obtained in a partial response context. Of course, the elasticities reflect the underlying model structure. The application of this procedure may be limited to other models, since linearity is required. Thus, an area of future research is to extend these methods to nonlinear systems.
• 
cRMPSE is the root-mean-percent square error over the sample period obtained through dynamic simulation.
fThe identity used to derive domestic pork production (PPF) was PPF = BGSUS * LWBG + SSUS * LWS. Equation 5 was linearized using a first-order Taylor series approximation (see Chow 1975, pp. 131-33) . Chow 1975; Fomby, Hill, and Johnson 1984) .
3. This method resembles the approach frequently used to obtain multipliers and elasticities for exogenous variables in nonlinear structural models (Fair 1980) .
4. The dynamic interactions implied by the autoregressive error structure also must be accounted for when obtaining total price and quantity effects. In the present case, the structural model was converted to a system of quasi difference equations by using methods similar to those described by Fomby, Hill, and Johnson (1984, pp. 525-26) . The resulting transformed system, which has a stationary error process, was used to obtain all total response results.
